We report on photorefractive composites composed of poly͑N-vinyl carbazole͒ ͑PVK͒/liquid crystal/C 60 with PVK of different molecular weight ͑MW͒. The influence of MW on the photorefractivity was studied. The results show that a higher MW leads to a larger two-beam coupling coefficient ⌫ and a larger effective electric-optical coefficient. ⌫ over 200 cm Ϫ1 is observed for the composite based on the highest MW PVK. © 2002 American Institute of Physics. ͓DOI: 10.1063/1.1427427͔
The photorefractive ͑PR͒ effect is defined as spatial modulation of the index of refraction due to charge redistribution in an optically nonlinear material. 1 The PR effect can occur in materials that simultaneously exhibit photoconductive and electric-optic ͑EO͒ properties. [2] [3] [4] [5] There are many polymers, such as poly͑p-phenylenevinylene͒, poly͑thienyle-nevinylene͒, and poly͑silane͒ that show photoconductivity, [6] [7] but poly͑N-vinylcarbarzole͒ ͑PVK͒ is the most popular photoconductor and it is widely used in a hostguest photorefractive polymer system. [1] [2] [3] [4] [5] PVK with different molecular weight ͑MW͒ may have different properties. Griffiths and Laeken studied the relationship between the glass transition temperature T g and the number average molecular weight M n and found that T g was linearly dependent on 1/M n (T g ϱ ϭ227°C). 8 Bai et al. observed that PVK with sufficiently high MW formed a mesophase at temperatures above glass transition. 9 In this study we prepared a series of PVK samples with different MWs. Based on these PVKs, four photorefractive composites of PVK/liquid crystal were obtained in which PVK was used as both the photoconductive agent and the matrix, 4-hexyloxy-4Ј-cyanobiphenyl ͑6OCB͒ was used as the nonlinear chromophore, and C 60 the sensitizer. The results from the EO measurements and the two-beam coupling experiments showed that the composite based on higher MW PVK has a larger effective electric-optical coefficient r eff and a higher two-beam coupling coefficient ⌫. This letter will discuss the influence of MW of PVK on the photorefractivity in the polymer/liquid crystal host-guest systems.
PVK was prepared according to the literature. 9 6OCB ͑K57N74I͒ was synthesized in our lab. C 60 ͑Ͼ99.9% pure͒ was provided by the College of Chemistry, Peking University. The MWs were determined with a Waters 2401 gel permeation chromatograph using monodispersed polystyrene as standards. A proper amount of PVK, 6OCB ͑dissolved in chloroform͒, and C 60 ͑dissolved in toluene͒ were mixed. The mixture was subsequently dripped onto indium-tin-oxide coated glass plates. After 12 h in an oven at 60°C, the plates were assembled at 100°C with proper spacers. Then they were quenched to 0°C to result in homogeneous and transparent films of a thickness of 60-70 m. The composition of our samples is PVK: 6OCB: C 60 ϭ49.8:50:0.2 wt. %. The effective EO coefficients r eff were measured by using a compensation technique at different electric field 10 and the photorefractive properties were evaluated by the two-beam coupling ͑2BC͒ experiment.
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The composition of the photorefractive PVK/liquid crystal films is PVK: 6OCB:C 60 ϭ49.8:50:0.2 wt. %. All films were transparent during PR measurements. However, the films may become less transparent after a time of storage. It is more so for the films made from higher molecular weight PVK. The sample based on the highest molecular weight PVK (M n ϭ66 000) became semitransparent after 48 h. It is obvious that phase separation has occurred and that the homogeneous structure of the film is less stable when the MW of PVK is higher. With these observations in mind all the PR measurements in this study were made only with freshly prepared films. The PVK/6OCB/C 60 film was aligned at room temperature by applying a dc electric field across it. Figure 1 shows the relationship between the electric field and r eff . All samples exhibit a linear dependence of r eff on the applied electric field. However, difference does exist among the samples of different molecular weight. In the range of the electric fields we applied, the effective EO coefficients of samples based on PVK-3 and PVK-4 are much higher than that of the one based on PVK-1. The sample containing PVK with the highest MW ͑PVK-4͒ shows the highest r eff .
We performed 2BC experiments to characterize the photorefractive properties of PVK/6OCB/C 60 . Figure 2 gives a representative result that shows the normalized intensity of the two writing beams measured when a dc poling field of 56 V/m was applied to the sample. The changes in intensity of the two interacting beams passing through the sample were simultaneously monitored as beam 2 was opened at tϭ19 s and blocked at tϭ70 s. The energy transfer is evident by the fact that the intensity of beam 2 is decreased while at the same time the intensity of beam 1 increased. When beam 2 is blocked, part of the remaining beam 1 is initially diffracted into the direction of beam 2. Its uniform illumination erases the previously recorded grating and beam 1 recovers to the original intensity level. This phenomenon is the same as that reported by Cui et al.
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A two-beam coupling coefficient ⌫ is used to characterize the energy transfer and is calculated as
where L is the optical path length, ␤ is the ratio of the writing beam intensities, and ␥ 0 ϭ P/ P 0 is the beam-coupling ratio where P 0 is the signal without the pump beam and P is the signal with the pump beam. According to the ''orientational effect'' theory proposed by Moerner, 13 ⌫ can be expressed as follows:
where is the wavelength of the laser, E 0 is the externally applied field, E q is the internal saturation field, r eff is the effective EO coefficient for p polarization, and n is the refractive index of the sample. Because r eff is in proportion to E 0 , Eq. ͑2͒ can be replaced by Eq. ͑3͒ in which K is a constant and E q is given by Eq. ͑4͒
where K G in Eq. ͑4͒ is the grating wave vector, ⑀ 0 is the permittivity of free space, ⑀ r is the relative permittivity, e is the electric charge of the charge carrier, and N eff is the effective density of traps. Figure 3 illustrates the dependence of ⌫ on the applied electric field for different PVK/6OCB/C 60 samples and the fitting curves obtained by using Eq. ͑3͒. It can be seen that the two-beam coupling coefficients increased with the ap- plied electric field for all samples and all the data are fit well with Moerner's orientational effect theory. On the other hand, the values of E q by fitting ⌫ can be obtained and the results are presented in Table I . Besides its dependence on the applied electric field, ⌫s of the PVK/6OCB/C 60 composites also depend on MW of PVK used in the composites. Figure 4 illustrates this relationship when the applied field was set at 56 V/m. It can be seen that ⌫ increased with M n of PVK. This is an interesting result and may be explained as follows. In photorefractive polymer, some defects such as impurity and end groups can act as trapping centers. 1 Since every part of the photorefractive PVK/liquid crystal composites was purified several times, the end groups were the main traps in our experiment. As we know, a higher M n of a polymer will lead to fewer end groups and in turn will results in a smaller E q according to Eq. ͑4͒, so a higher ⌫ can be observed.
